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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zoom lens of high 
magnification composed of a small number of lenses. 
SOLUTION: In a zoom lens composed, in order from the object side, 
of a first group Grl having a positive power, a second group Gr2 
having a negative power and a third group Gr3 having a positive 
power and performing the power variation by changing an interval 
between the respective groups, at the time of varying the power 
from the wide-angle end to the telescopic end, the first group Grl. 
is moved to the object side, the second group is fixed, the third 
group is moved monotonously to the object side and the following 
conditional relation is satisfied; 0.2<M1/Z<3.0, where. Ml is a moving 
amount of the first group at the time of varying the power from the 
wide-angle end to the telescopic end. Z is the variable power ratio 
(ftT/fW). fW: the focal distance of the whole system at the 
telescopic end and fW: the focal distance of the whole system at 
the wide-angle end. 
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-|xO|l/lCO-(N' -N) •f2l=-0. 01011 
- 1 xO I ) / [CO • (N* -N) ■ f 2) =-0. 01 694 
-Ix0|l/[C0-(N* -N)-f21=-0. 02546 
-|xOi)/lCO-(N' -N) •f2l=-0. 03672 
- 1 xO II / [CO • (N* -N) • f 2} =-0. 0536 1 
-|xO|]/tCO - (N' -N) •f21=-0. 08185 
Kr5)c/^.^f-t5t(4) o^t^ti:Am 
-1x011/ (GO- (N'-N) ■f2l= 0.00000 
- 1 xO 1 1 / (CO • (N* -N) • f 2) =-0. 00000 
-1x0 II /(CO- (N' -N) -f2)=-0. 00008 

■ I xO I) / (CO • m -N) • f 21 =-0. 00042 
-|xO|l/lCO-(N' -N)-f2)=-a 00140 
-Ix0|]/(C0-(N- -N)'f2l=-0. 00368 

■ I xO 1 1 / (CO • (N' -N) • f 21 =-0. 00829 
• I xO 1 1 / (CO ■ (N' -N) • f 21 =-0. 01 687 
Ix0|)/{C0-(N' -N) •f2l=-a 03179 



10 



20 



30 



40 



y=0.90ymax (|xh|xO|l/(CO- (N' -N) •f2] =-0. 05654 

y=l, OOymax • ■ ( |xi-|x0|)/ (CO- (N' -N) •f2J=-0. 09642 

[0 0 5 0] [|l9iS(r9)60^it^(5)(7)*f/J:ft] 

y=0. OOymax ■ • { |x|-|xOil/ (CO- (N* -N) •f31= 0. 00000 

y=0. 1 Oymax • ■ • ( I x | - 1 xO 1 1 / (CO • (N' -N) - f 31 =-0. 00000 

y=0.20ymax (|x|-|x0|l/(C0- (N* -N) •f31=-0. 00004 

y=0.30ymax (|x|-|x0|)/(C0- (N* -N) •f3)=-0. 00020 

y=a40ymax (|xh|xO|l/(CO- (N* -N) •f31=-a 00063 

y=0.50ymax • • (|x|-|xO|}/(CO- (N' -N) •f3l=-0. 00156 

y=0.60ymax - (|x|-|x0|)/lC0- (N' -N) •f3)=-0. 00336 

y=a70ymax • • (|x|-|xO|l/(CO- (N* -N) •f31=-0. 00655 

y=a80ymax (|x|-ix0|l/ (CO- (N' -N) •f3J=-0. 01192 

y=0.90ymax { |x|-|x0|)/ (CO- (N* -N) •f31=-0. 02067 

y=l. OOymax ■ • (|x|-|xO|l/(CO- (N' -N) •f3] =-0. 03463 

[0 0 5 1 ] m} 1 ®(r11)(/)^f^=5C(5)c/)^/5{ii] 

y=0. OOymax • l|xi-|xO|l/ (CO- (N' -N) •f3}= 0. 00000 

y=0. lOymax (|x|-|xO|l/lCO- (N* -N) •f3]= 0. 00001 

y=0.20ymax (|x |-|xO| ]/ [CO- (N' -N) •f31= 0. 00024 

y=0.30ymax (|x|-|x0|}/(C0- (N' -N) •f31= 0. 00122 

y=0.40ymax • {|x|-|x0|I/lC0- (N* -N) -f31= 0. 00395 

y=0.50ymax (|x|-|xO|l/(CO- (N' -N) •f3l= 0. 00989 

y=0.60ymax (|x|-|x0|}/(C0- (N* -N) •f3]= 0. 02104 

y=0.70ymax ■• {|x|-|x0|)/(C0- (N' -N) •f31= 0. 03983 

y=0.80ymax •• (|x|-|xO|l/(CO- (N' -N) •f3l= 0. 06890 

y=0.90ymax • l|x|-|x0|l/(C0- (N' -N) •f31= 0. 1 1081 

y=l. OOymax ■ {|x|-|x0|)/{C0- (N* -N) •f3)= 0. 16841 

[0 0 5 2] [^1 2®(r12)(7:.^f4^^(5)(7)^;£fl] 

y=0. OOymax • (|x |-|xO|l/ (CO- (N' -N) •f3]=-0. 00000 

y=0. 1 Oymax • • ( I x j - j xO | ] / (CO • (N' -N) • f 31 =-0. 00000 

y=0.20ymax (|x|-|x0|)/{C0- (N' -N) ■f31=-0. 00005 

y=a30ymax (|x|-|xOn/[CO- (N' -N) •f3l=-0. 00027 

y=0.40ymax (|x|-|x0|]/{C0- (N' -N) ■f31=-0. 00087 

y=0.50ymax • {|x|-|x0|)/{C0- (N' -N) •f31=-0. 00217 

y=0.60ymax (|x |-|xO|] /(CO- (N' -N) •f31=-0. 00464 

y=0.70ymax (|x|-|xO|l/{CO- (N' -N) •f3)=-0. 00889 

y=0.80ymax • (|x|-tx0|)/{C0- (N* -N) •f31=-0. 01572 

y=0.90ymax • • ( Ix|-|xO|l/ [CO- (N' -N) -f3)=-0. 02621 

y=l. OOymax { I x | - | x 0 I } X { C 0 • 

(N' -N) • f 31 =-0. 0 4 17 9 

[0 0 5 3] mmm2)) 



50 



-7~ 



13 

f=3.3 --9.3 —26.4 
FN0=4. 1—5. 25—5. 73 

rl= 10.961 

dl= 0.600 Nl=l. 84666 vl= 23.82 

r2= 7. 086 

d2= 2. 800 N2=l. 58267 v 2= 46. 43 

r3=-481. 533 

d3= 1.174—4.737—12.361 

r4*=-12. 033 

d4= 0.500 N3=l. 80420 v 3= 46.50 

r5*= 2.061 

d5= 1.050 

r6= 4. 652 

d6= 1.200 N4=l. 79850 v4= 22.60 

r7= 15.453 

d7= 6.626—2.285—0.501 
r8= oo («Fr)A) 

d8= 0.400 

r9*= 2. 093 

d9= 1.500 N5=l. 48749 v5= 70.44 

rl0= -6.957 

dlO=0. 100 

rll*=-35.846 

dll=0.690 xN6=l. 84666 v 6= 23.82 

rl2*= 7.127 

dl2=2. 400—6. 741—8. 525 

rl3= oo 

dl3=4. 000 N7=l. 51680 v 7= 64. 20 

rl4= oo 

Sd=23. 040—26. 603—34. 227 

10 0 5 4] m4m{rA)o:^mtm%m] 

f = 1.0000 
A4= 0. 35558x10-2 
A6=-0. 19282x10-2 
A8= 0.58717x10-3 
A10=-0. 69677x10-^ 
A12= 0.24236x10-5 

[0 0 5 5] cm 5 is (r5) onmm^^^m 

? = 1 . 0000 
A4=-0. 10687 x 10- • 
A6=-0. 13290x 10-2 
A8=-0. 20252x10-2 
A10= 0.97516x10-3 
A12=-0. 17463x10-3 

[0056] Lh^ 9 mi (r9) oUUtM^W] 

i = 1.0000 
A4=-0. 86322x10-2 
A6= 0.25268x10-2 
A8=-0. 43939x10-2 
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A10= 0. 18136x10-2 
A12=-0. 32438 x 1 0"^ 

[0 0 5 71 [mil ^{ruxn^m^yhm 

I = 1.0000 
A4= 0. 14049x10*' 
A6= 0. 15318x10-2 
A8=-0. 16627x10-3 
A10=-0. 68691 XI 0-3 
A12= 0.30468x10-3 

10 [0 0 5 8] [^1 2m{rn)a:>imm^.m 

f = 1.0000 
A4= 0.30477x10-' 
A6= 0. 11214x10-' 
A8=-0. 67234x10-2 
A10= 0.40279x10-2 
A12=-0. 39886x10-3 

[0 0 5 9] 4 ®j(r4) (7)^(^:^(4) c7)^/tfi:] 
y=0.00ymax ( |x|-|x0|)/ (CO- (N* -N) •f2J= 0. 00000 
y=0. lOymax • • {|x|-|xO|)/ {CO- (N' -N) •f2J =-0. 00002 
20 y=0.20yinax ■• I|x|-|x0|l/{C0- (N' -N) •f2)=-0. 00036 
y=0. 30ymax •-• ( |x|-|x0|) /{CO- (N* -N) •f2l =-0. 00165 
y=0.40ymax ••• (|x|-|xO|)/{CO- (N* -N) •f2J=-0. 00453 
y=0.50yinax - {|x|-|x0|}/{C0- (N' -N) •f2)=-0. 00934 
y=a60ymax { |x|-|xO|}/ {CO- (N* -N) -f2}=-0. 01623 
y=0.70ymax • ( |x|-|xO|}/ (CO- (N' -N) •f2)=-0. 02579 
y=0.80ymax - {| x|-|xO|)/ {CO- (N' -N) •f2}=-0. 04000 
y=a90ymax - (I x | - 1 xO t J / {CO - (N' -N) • f 2) =-0. 06255 
y=1.00ymax ( I x | - | x 0 | } { C 0 • 

(N' -N) - i 2) =-0. 0 9 7 3 7 

30 [0 0 6 0] im^m{T^)(Dm^^w<Dnj&\m 

y=0.00ymax [|x|-|x0|)/[C0- (N' -N) •f2)= 0. 00000 

y=0.10ymax {|x|-|xO|l/ {CO- (N* -N) •f2)=-0. 00001 

y=0.20ymax ■ ■ {|x|-|x0|l/{C0- (N' -N) •f2]=-^. 00008 

y=0. SOymax {|x|-|x0|)/{C0- (N' -N) •f2J=-0. 00044 

y=0.40ymax • • {|xh|xO|)/{CO- (N' -N) -f2) =-0. 00144 

y=0. SOymax • • {|xh|xO|l /{CO- (N' -N) •f2) =-0. 00370 

y=a60ymax • ■ {| x|-|xO|)/ {CO- (N* -N) •f21=-0. 00822 

y=0.70ymax • ■ ( |x|-|xO|I /{CO- (N'-N) -f2J=-0. 01647 

y=0. SOymax {|xh|xO|)/{CO- (N' -N) •f2)=-0. 03054 

40 y=0.90ymax ■ {|x|-|x0|)/{C0- (N* -N) •f21=-0. 05345 

y=1.00ymax [|x |-|xO|l/ (CO- (N' -N) •f21=-0. 09033 

[0 0 6 1 ] m^m{r^)o:^m^^{^)omtLAm 

y=0.00ymax • (|x|-|x0|l/{C0- (N' -N) •f31= 0. 00000 

y=0. lOymax • • [|x|-|xO|) /{CO- (N* -N) -fS) =-0. 00000 

y=0.20ymax ■ • {|x|-|xO|)/{CO- (N' -N) •f3) =-0. 00006 

y=0.30ymax • { |x |-|xO|l / (CO- (N* -N) -fSJ =-0, 00030 

y=0. 40ymax • - (|x|-|x0|) /{CO- (N" -N) -fSJ =-0. 00093 

y=a SOymax • ■ [|x|-|x0|l/{C0- (N' -N) ■f31=-0. 00231 

y=a60ymax ■ • { |x|-|xO|)/ (CO- (N' -N) -fSJ =-0. 00498 

50 y=0.70ymax • ( |x|-|xO|l /{CO- (N* -N) •f31=-0. 00990 
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15 



16 



y=0. SOymax • 


• [|x 


- 


IxOl 


1/lCO 


(N* 


-N) 


•f3) = 


-0.01849 


y=0. 90ymax ■ 


- tlx 


- 


IxOj 


1/lCO 


(N' 


-N) 


•f31 = 


-0. 03308 


y=1.00ymax • 


- (Ix 


- 


IxOj 


1/lCO 


(N- 


-N) 


•f3) = 


-0, 05811 


[0 0 6 2] 


m 1 


1 


LffiCr 




y=0. OOymax • 


- llx 


- 


IxOl 


l/ico 


(N- 


-N) 


.f3l = 


-0. 00000 


y=0. lOymax • 


• [|x 


- 


IxOl 


l/ico 


(N* 


-N) 


-f31 = 


0. 00003 


y=0. 20ymax • 


• llx 


- 


|xO| 


l/lco 


(N' 


-N) 


.f3) = 


0. 00055 


y=0. SOymax • 


- llx 


- 


|xO| 


l/lco 


(N* 


-N) 


-f3) = 


0. 00279 


y=0. 40ymax ■ 


• llx 


- 


Ix0| 


1/lco- 


(N* 


-N) 


•f31 = 


0. 00892 


y=0. SOymax • 


• llx 


- 


IxOj 


l/ico- 


(N* 


-N) 


-f3J = 


0. 02206 


y=0. 60ymax • 


• llx 


- 


IxOj 


/ICO- 


(W 


-N) 


-f3) = 


0. 04632 


y=0. 70ymax • 


■ [jx 


- 


IxOl 


l/lco- 


(W 


-N) 


-f3J = 


0. 08669 


y=0. SOymax • 


•• llx 


- 


jxOj 


/ICO- 


(N- 


-N) 


•f3) = 


0. 10224 


y=0. 90ymax • 


• llx 


- 


jxOl 


/ICO- 


(N* 


-N) 


•f31 = 


0. 07801 


y=l. OOymax • 


llx 


- 


Ix0|] 


/ICO- 


(N' 


-N) 


•f31 = 


0. 02 183 


[0 0 6 3] 


[^1 




Sj(r 


12) o^m^^{S)o:>nti:Am 


y=0. OOymax • 


llxj 


- 


Ix0|] 


/ICO- 


(N' 


-N) 


•f3J = 


-0. 00000 


y=0. lOymax • 


llxl 


- 


xO|] 


/ICO- 


(N' 


-N) 


f3) = 


-0. 00001 


y=0. 20ymax • 


• [|x| 


- 


xO|] 


/ico- 


(W 


-N) 


f3l = 


-0. 00013 


y=0. SOymax • 


llxl 




xO|] 


/ICO- 


(N* 


-N) 


•f31 = 


-0. 00065 


y=0. 40ymax • 


" llxl 




xO|] 


/ICO- 


(N* 


-N) 


f3) = 


-0. 00210 


y=0. SOymax • 


■ llxl 




xOj] 


/ico- 


(N' 


-N) 


f3J=- 


-0. 00529 


y=0. eOymax • 


• llxl 




xO|] 


/ICO- 


(N* 


-N) 


f31=- 


-0. 01131 


y=0. 70ymax • 


- {|x| 




xO|) 


/ICO- 


(N* 


-N) 


f31=- 


-0. 02167 


y=0. SOymax ■ 


llxl 




xO|) 


/ICO- 


(N' 


-N) 


f3l=- 


-0. 03836 


y=0. QOymax • 


llxl 




xO|] 


/1C0-(N' 


-N) 


f31=- 


-0. 06418 


y=l. OOymax • 


llxl 




xOjl 


/ICO' 


(W 


-N) 


f3)=- 


-0. 10331 


[0 0 6 4] 




J3» 













10 



20 



30 



f =3.3 -^19. 8 

FN0=4.1 

rl= 10.736 

dl= 0.600 Nl=l. 84666 vl= 23.82 

r2= 6. 617 

d2= 2.800 H2=l. 58267 v2= 46.43 

r3=-125. 571 

d3= 1.174-1.625—9.352 

r4*="12. 032 

d4= 0. 500 N3=l. 80420 v 3= 46. 50 

r5*= 2.051 

d5= 1.050 

r6= 4. 570 

d6= 1.200 }i4=l. 79850 v 4= 22.60 

r7= 14.472 

d7= 6.037—1.844—0.501 
r8= oo Oft OA) 

d8= 0.400 

r9*= 2.092 

d9= 1.500 N5=l. 48749 v5= 70.44 

rl0= -6. 912 

dl0=0- 100 

rll*=-48. 525 

dll=0.680 N6= 1.84666 v 6=23. 82 

rl2*= 7.438 

dl2=2. 000—6. 593—8. 536 

rl3= oo 

dl3=4.000 N7= 1.51680 v 7=64. 20 

rl4= oo 

2d=22. 041—22. 892—31. 219 



[0 0 6 5] 4 E (r4) c^:*$m^yhm 
f = 1.0000 
A4= 0.38104x10-2 
A6=-0. 19863x10*2 
A8= 0.58725x10-3 
A10=-0. 69676 X10-* 
A12= 0.24236x10-5 

[0 0 6 6] imom{r5)(/)$mmmm 

40 f = 1. 0000 

A4=-0. 10488x10-' 
A6=-a 13654x10-2 
A8=-0. 20255x10-2 
A10= 0.97516x10-3 
A12=-0. 17463x10-3 

[0 0 6 7] [.m9^{T^)<D^mm%m 

f = 1.0000 
A4=-0. 88749x10-2 
A6= a 25363x10-2 
50 A8=-0. 43935x10-2 
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A10= 0. 18136x10-2 
A12=-a 32438x10-3 

[0 0 6 8] [mi \m{r\\)o:>4mm^M'\ 

i = 1.0000 
A4= 0. 14049x10-* 
A6= 0. 15318x10-2 
A8=-0. 16627x10-3 
A10=-0. 68691 x10-3 
A12= 0.30468x10-3 

[0 0 6 9] [mi 2m{r\i)onmm9(xm 

f = 1.0000 
A4= 0. 30477x10 ' 
A6= 0. 11214x10-' 
A8=-0. 67234x10-2 
A10= 0.40279x10-2 
A12=-0. 39886x10-3 

[0 0 7 0] im4M(r4)o-)m}r.^{4)(/n^fjtm] 



y=0. OOymax 


• (Ix 




|xO|)/lCO-(N' 


-N) 


•f2l 


= 0. 00000 


y=0. lOymax 


•• {|x 




|xO|)/tCO-(N' 


-N) 


•f2l 


=-0. 00002 


y=0. 20ymax 


• {|x 




|xO|)/lCO-(N' 


-N) 


•f21 


=-0. 00032 


y=0. 30ymax 


•• {|x 




|xO|l/lCO-(N' 


-N) 


•f2l 


=-0. 00149 


y=0. 40ymax 


llx 




|xO|J/tCO'(N' 


-N) 


'f2l 


=-0. 00417 


y=0. BOymax 


•• llx 




|xO|)/lCO-(N' 


-N) 


•f21 


=-0. 00875 


y=0. eOymax 


- llx 




|xO|)/[CO- (N" 


-N) 


•f21 


=-0.01538 


y=0. 70ymax 


llx 




|xO|)/lCO-(N' 


-N) 


•f21 


=-0. 02434 


y=0. 80ymax 


llx 




|xO|l/(CO-(N* 


-N) 


•f21 


=-0. 03669 


y=0. 90ymax 


llx 




|xO|)/[CO- (N' 


-N) 


■f21 


=-0. 05474 


y=l. OOymax • 


{|x 




1x011/ 100- (N' 


-N) 


•f2} 


=-0. 08161 


[0 0 7 1 ] 


[m 5 cS (r5) (/:>^i^^ (4) (OMftm] 


y=0. OOymax 


- llx 




|x0|)/lC0-(N* 


-N) 


•f21 


= 0. 00000 


y=0. lOymax • 


• ■ llx 




1x0 11 /ICO- (N' 


-N) 


•f2l 


=-0. 00000 


y=0. 20ymax • 


• llx 




ixO|l/lCO-(N' 


-N) 


•f21 


=-0. 00006 


y=0. 30ymax 


■ llx 




|xO|l/lCO-(N* 


-N) 


•f21 


=-0. 00033 


y=0. 40ymax 


•• tlx 




|xO|l/lCO-(N' 


-N) 


•f21 


=-0. 00109 


y=0. 50ymax • 


• llx 




|xO|l/lCO- (N' 


-N) 


■f2l 


=-0. 00278 


y=0. 60ymax ■ 


■- {jxj 




|xO|l/lCO-(N' 


-N) 


•f2) 


=-0. 00613 


y=0. 70ymax • 


tlx 




1x011/ (CO- (N" 


-N) 


•f21 


=-0.01219 


y=0. SOymax • 


llx 




|xO|l/(CO-(N' 


-N) 


•f2l 


=-0. 02249 


y=0. 90ymax • 


llx 




1x011/ (CO- (N" 


-N) 


•f2l 


=-0. 03908 


y=1. OOymax 


' llx 




|xO||/lCO-(N' 


-N) 


•f2] 


=-0. 06508 


[0 0 7 2] 


9 im 


(r9) (;:)^ft-5t(5) (/^Mltm] 


y=0. OOymax ■ 


■ llxj 




|xO|l/(CO-(N' 


-N) 


•f31 


= 0. 00000 


y=0. lOymax • 


- llxj 




xO|l/(CO-(N' 


-N) 


•f31 


=-0. 00000 


y=0. 20ymax • 


• llxl 




xO|l/(CO- (N* 


-N) 


•f31 


=-0. 00007 


y=0. 30ymax • 


llxl 




xO|l/lCO-(N'-N) 


•f31 


=-0. 00033 


y=0. 40ymax ■ 


■ llxl 




xO|l/{CO-(N* 


-N) 


•f3] 


=-0. 00103 


y=0. SOymax • 


•■ llxl 




xO|l/(CO- (N' 


-N) 


f3l 


=-0. 00255 


y=0. 60ymax • 


llxl 




xO|)/lCO-(N' 


-N) 


f31 


=-0. 00552 


y=0. 70ymax ■ 


■ llxl 




xO|)/[CO-(N* 


-N) 


f31 


=-0.01095 


y=0. 80ymax • 


- llxl 




xO|]/{CO(N' 


-N) 


f31 


=-0. 02045 
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y=0. 90ymax • 


- fix 


|-Ix0| 


|/IC0-(N' -N) 


■f3| = 


-0. 03657 


y=l. OOymax • 


• llx 


-IxOl 


|/1C0-(N'-N) 


•f3l = 


-0. 06435 


[0 0 7 3] 


[Ml 


I tS(r 


11)c/)^fit:^(5)(7)*teft] 


y=0. OOymax • 


• llx 


-Ix0| 


|/IC0-(N'-N) 


■f3l = 


-0. 00000 


y=0. lOymax • 


■ llx 


-Ix0| 


|/IC0-(N' -N) 


•f31 = 


0. 00005 


y=0. 20ymax • 


• llx 


-IxOl 


|/IC0-(N'-N) 


•f3l = 


0. 00081 


y=0. 30ymax • 


• (Ix 


-IxOl 


|/IC0-(N' -N) 


■f3j = 


0. 00413 


y=0. 40ymax 


- llx 


-IxOl 


|/IC0-(N' -N) 


'f3l = 


0.01320 


y=0. 50ymax • 


- llx 


-IxOl 


|/IC0-(N'-N) 


•f3l = 


0. 03265 


10 y=0, eOymax • 


•• llx 


-IxOl 


|/[C0-(N- -N) 


•f3l = 


0. 06854 


y=0. 70ymax • 


- llx 


-IxOl 


|/{CO-(N'-N) 


•f31 = 


0. 07688 


y=0. 80ymax • 


llx 


-IxOl 


|/IC0-(N' -N) 


•f3} = 


0. 04772 


y=0. 90ymax • 


llx 


-IxOl 


/IC0-(N' -N) 


•f31=- 


-0.01574 


y=l. OOymax • 


llx 


-IxOl 


/1C0-(N' -N) 


•f3)=- 


-0. 13082 


[0 0 7 41 


[^1 


2®(r 


12) o^f4^st:(5) oyMf:c:M] 


y=0. OOymax • 


llx 


-IxOll 


/ICO-(N-N) 


•f31=-0. 00000 


y=0. lOymax • 


• llx 


-Ix0|] 


/IC0-(N' -N) 


•f31=-0. 00001 


y=0. 20ymax • 


tlx 


-Ix0|] 


/(CO-(N' -N) 


•f3l=- 


-0. 00014 


y=0. 30ymax • 


llx 


-IxOll 


/IC0-(N' -N) 


•f3}=- 


-0. 00075 


20 y=0. 40ymax • 


• (Ix 


-IxOll 


/[CO-(N' -N) 


•f3]=- 


-0. 00242 


y=0. 50ymax • 


llx 


-IxOll 


/IC0-(N* -N) 


■f3l=- 


-0. 00608 


y=0. 60ymax • 


• llx 


-IxOll 


/IC0-(N' -N) 


•f31=- 


-0.01303 


y=0. 70ymax • 


•■ llxl 


-IxOj] 


/IC0-(N' -N) 


•f31=- 


-0. 02497 


y=0. 80ymax • 


- llxl 


-Ix0|] 


/IC0-(N' -N) 


f3l=- 


-0. 04426 


y=0. 90ymax • 


• llxl 


-IxOll 


/(CO-(N' -N) 


f3}=- 


-0. 07417 


y=1. OOymax • 


• llxl 


-IxOll 


/(GO-(N' -N) 


f3l=- 


-0. 11969 


[0 0 7 5] 


mmm4)) 









30 



40 



50 
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f =3.3 --9.3 --26.4 
FN0=4. 1—5, 25—5.73 

rl= 12.643 

dl= 0.600 Nl=l. 84666 vl= 23.82 

r2= 7. 356 

d2= 2.400 N2=l. 70154 v2= 41.15 

r3= 100.461 

d3= 1.173—5.400—12.287 

r4*=-20. 857 

d4= 0.500 N3=l. 75450 v 3= 51.57 

r5*= 2. 062 

d5= 1.340 

r6= 3. 947 

d6= 1.200 N4=l. 79850 v4= 22.60 

r7= 6. 089 

d7= 6.132—2.254—0.501 
r8= C50 (jRDA) 

d8= 0.400 

r9*= 2. 020 

d9= 1.600 N5=l. 48749 v5= 70.44 

rlO= -10.684 

dlO=0. 100 

rll*=-32. 168 

dll=0.630 N6= 1.84666 v 6= 23.82 

rl2»= 9.493 

dl2=2. 200—6. 278—9. 031 

rl3= oo 

dl3=4. 000 N7=l. 51680 v 7= 64. 20 

rl4= oo 

Sd=22. 275—26. 702—34. 589 

[0 0 7 6 ] [|! 4 H (r4) o:^mtm^^m 

f = 1.0000 
A4= 0. 49606 >cl 0-2 
A6=-0. 18679x10*2 
A8= 0. 18135x10-3 
A 10= 0.25065x10-^ 
A12=~0, 34002 X i o " 

[0 0 7 7 ] im^m (r5) o:^mmii(^m 

i = 1.0000 
A4=-0. 53884x 10-2 
A6=-0. 12523x 10-2 
A8=-0. 16825x10-2 
A10= 0.25510x10-3 
A12= 0. 12877 x 10-^ 

[0 0 7 8] [m y m (r9) i/^mmi^^m 

t = 1.0000 
A4=-0. 74090 X 10" 2 
A6= 0.36776x 10-2 
A8=-0. 45738 X 10-2 



(11) ^m^^ 1 -6 9 5 8 

20 

A10= 0. 17594x10-2 
A12=-0. 28578x10-3 

[0 0 7 9] [m\ \Miru)<D4mm%m] 

e = 1.0000 
A4= 0. 12523x10-1 
A6= 0. 65982x10-3 
A8=-0. 57961 XI 0-3 
A10=-0. 24606x10-3 
A12= 0. 99508x10-^ 

10 [0 0 8 0] [Hi 2fli(rl2)<7)IN3^cS{^^] 
f = 1.0000 
A4= 0. 29975x10-* 
A6= 0. 10943x10-' 
A8=-0. 53112x10-2 
A10= 0. 22484x10-2 
A12= 0.94187x10-^ 

[0 0 8 1 ] [^4®(r4)(7)^f^^(4)c7)^l-/t.(fi] 
y=0.00ymax (1 x|-|xO|)/ (CO- (N' -N) -f 2)= 0.00000 
y=0. lOymax ■ • II x|-|xO|l / (CO- (N' -N) •f2)=-0. 00007 

20 y=0.20ymax ••• [|x|"-|x0|]/{C0- (N' -N) •f2)=-0. 00110 
y=0.30ymax ■•• (|x|-|x0|l/ (CO- (N' -N) -f21 =-0. 00513 
y=0.40ymax [|x|-|xO| J/(CO- (N* -N) ■f21=-0. 01437 
y=0.50ymax • [|x|-|x0|)/(C0- (N' -N) •f21=-0. 02982 
y=0. 6dyinax ••• ( |x|-|xO|)/ (CO- (N* -N) •f2)=-0. 05023 
y=0. 70ymax • • l| x h | xO 1 1 / (CO • (N* -N) • f 2) =-0. 07253 
y=0.80ymax • {| x|-|xO|] /{CO- (N' -N) •f2J=-0. 09448 
y=0.90ymax [|x|-|xO|l/[CO- (N' -N) -f21=-0. 12001 
y=1.00yinax (|x|-|x0|l/[C0- (N* -N) -f2)=-0. 16480 
[0 0 8 2] [m5^irS)oymi\^^{4)(DMft\m 

30 y=0.00ymax • [|x|-|xO|l/{CO- (N' -N) •f2)= 0. 00000 
y=0. lOymax (I x|-|xO|}/{CO- (N* -N) •f2)=-0. 00000 
y=0.20yinax ■• (|x|-|xO|l/(CO- (N* -N) •f21=-0. 00005 
y=0.30ymax • - [|xh|x0|l/(C0- (N' -N) •f21=-0. 00025 
y=a40ymax [|x|-|xO|l/(CO- (N* -N) -f2)=-0. 00086 
y=0.50ytnax • (|xh|xO|)/(CO- (N* -N) -f2)=-0. 00231 
y=0.60ymax • I|x|-|xO|)/{GO- (N* -N) •f2)=-0. 00546 
y=0.70ymax • • (|x|-jxO|)/(CO- (N* -N) -f2)=-0. 01183 
y=0.80y(nax • • ( |x|-|xO|]/ (CO- (N' -N) -f21=-0. 02389 
y=0.90ymax ■■• ( |x|-|x0|l/ (CO- (N' -N) •f21=-0. 04527 

40 y=1.00ymax ••- { I x | - | x 0 | } / { C 0 • 
(N' -N) • f 2 } =- 0. 0 8 0 3 0 

[0 0 8 3] im9m(r9)a:>^{i^^{b)(DMJtAm 

y=0.00ymax - [|x|-|xO|)/(CO- (N* -N) •f3)= 0. 00000 

y=0. lOymax •• (|x|-|xO|l/(CO- (N' -N) •f3)=-0. 00000 

y=0.20ymax • [ |x|-|xO|l /(CO- (N' -N) •f3)=-0. 00006 

y=0.30ymax • (I x|-|xO|l/ (CO- (N* -N) •f31=-0. 00030 

y=0.40ymax (|x|-|x0|)/(C0- (N' -N) •f31=-0. 00092 

y=0. 50yiTiax ( I x|-|xO|) /(CO- (N' -N) ■f31 =-0. 00223 

y=0. 60ymax • • ( |x|-|xO|l /{CO- (N* -N) •f3l=-0. 00477 

50 y =0. 70ymax • ■ { I x | - 1 xO 1 1 / {CO • (N* -N) • f 3) =-0. 00950 



-11- 



(12) 
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y=0. 80ymax 


• {|x 


\- 


|xO| 


)/(C0 


(N' 


-N) 


•f31 


=-0.01790 


y=0. 90ymax 


• (|x 


\- 


|xO| 


1/(C0 


(N' 


-N) 


•f3l 


=-0. 03250 


y=1.00ymax • 


■ {|x 


1- 


IxOl 


1/(C0 


(N* 


-N) 


•f3J 


=-0. 05877 


[0 0 8 4] 




1 


iS(r 




y=0. OOymax • 


• (Ix 


1- 


IxOl 


1/(C0 


(N- 


-N) 


•f3l 


=-0. 00000 


y=0. lOymax • 


* (Ix 




IxOl 


l/{C0 


(N* 


-N) 


•f31 


= 0. 00003 


y=0. 20ymax 


' (Ix 


1- 


Ix0| 


1/(C0 


(N* 


-N) 


■f3) 


= 0. 00051 


y=0. 30ymax 


• llx 


- 


|xO| 


1/(C0 


(N* 


-N) 


•f31 


= 0. 00259 


y=0. 40ymax • 


• {|x 




|xO| 


1/(C0- 


(N' 


-N) 


•f3J 


= 0. 00823 


y=0. SOymax 


■- (Ix 




IxOj 


l/{C0- 


(N* 


-N) 


•f31 


= 0.02013 


y=0. 60ymax • 


(Ix 




|xO| 


l/(CO- 


(N' 


-N) 


■f3) 


= 0.04165 


y=0, 70ymax • 


(Ix 




IxOj 


l/(CO' 


(N- 


-N) 


•f3J 


= 0. 07644 


y=0. SOymax • 


llx 




IxOl 


l/{CO- 


(N* 


-N) 


•f31 


= 0. 12789 


y=0. 90ymax • 


(Ix 




|xO| 


/(CO- 


(N- 


-N) 


•f3) 


= 0. 15195 


y=1. OOymax • 


• (ix 




IxOj 


/(CO- 


(N' 


-N) 


'f3] 


= 0. 14304 


[0 0 8 5] 


[mi 


2{Ii(r 


12)0^(^:^(5) o-yt\]tAm 


y=0. OOymax • 


(Ix 




xOj 


/(CO- 


(N- 


-N) 


•f31 


=-0. 00000 


y=0. lOymax • 


• (Ix 




xO| 


/(CO- 


(N' 


-N) 


•f3) 


=-0. 00001 


y=0. ZOymax • 


- (Ix 




xO|] 


/(CO- 


(N* 


-N) 


•f3J 


=-0. 00020 


y=0. 30ymax • 


• (Ix 




xO|] 


/(CO- 


(N' 


-N) 


■f31 


=-0. 00106 


y=0. 40ymax • 


•■ (Ix 




xO|] 


/(CO- 


CN' 


-N) 


•f31 


=-0. 00344 


y=0. SOymax • 


(Ix| 




xOj] 


/(CO- 


CN' 


-N) 


f31 


=-0. 00866 


y=0. 60ymax • 


(Ixl 




xO|] 


/{CO- 


(N- 


-N) 


f3l 


=-0.01859 


y=0. 70ymax 


• (Ixl 




xOj) 


/(CO- 


(N' 


-N) 


f31 


=-0. 03571 


y=0. SOymax • 


■ (Ixl 




xO|] 


/(CO- 


(N' 


-N) 


f3l 


=-0. 06336 


y=0. 90ymax • 


(Ixl 




xOj] 


/ICO- 


(N* 


-N) 


f31 


=-0. 10621 


y=l. OOymax ■ 


•• (Ixl 




xOj] 


/(CO.- (N* 


-N) 


f3J 


=-0. 17146 


[0 0 8 6] 




15» 













10 



20 



30 



f =3.3 --10.4 --33.0 
FN0=4.1 

rl= 14. 544 

dl= 0.600 Nl=l. 80741 vl= 31.59 

r2= 8.856 

d2= 3.200 N2=l. 63854 v 2= 55.62 

r3= 255.170 

d3= 1.174—8.011—17.101 

r4«=-ll. 630 

d4= 0.500 N3=l. 77250 v3= 49.77 

r5*= 2.135 

d5= 1.327 

r6= 5. 037 

d6= 1.200 N4=l. 79850 v4= 22.60 

r7= 13.642 

d7= 6.933—2.503—0.501 
r8= oo (ttOA) 

d8= 0.400 

r9*= 2.063 

d9= L761 N5=l. 48749 v5= 70.44 

rl0= -4. 393 

dl0=0. 200 

rll»=-4. 180 

dll=0.655 N6=l. 80741 v6= 31.59 

rl2*=89. 289 

dl2=2. 500-6. 930— 8.932 

rl3= oo 

dl3=4.000 .N7=l. 51680 v 7= 64.20 

rl4= oo 

Sd=24. 451—31. 287—40. 378 



[0 0 8 7] [m^m{TA)onmm\^m 

£ = 1.0000 
A4= 0.70975x10-2 
A6=-0. 33106x10-2 
A8= 0.90948x10-3 
A10=-0. 91009X10-* 
A12= 0. 15581 x10-5 

[0 0 8 8] [m^^{r^)o:>mm%m 

40 t = 1,0000 

A4=-0. 50268x10-2 

A6=-0. 22635x10-2 

A8=-0. 20490x10-2 

A10= 0. 12188x10-2 

A12=-0. 20492x10-3 
[0 0 8 9] [m9\Mir9)(D$m^i^xm 
f = 1.0000 

A4=-0. 67922x10-2 

A6= 0.43760x10-2 
50 A8=-0. 47283x10-2 



-12- 



(13) 
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A10= 0. 17022x10-2 
A12=-0. 28605x10-3 

(00*9 0] [^1 \m{ru)o:>$mmV(^m 

I = 1.0000 
A4= 0. 89966x10-2 
A6= 0. 96879x10-3 
A8= 0.28150x10-3 
A10=-0. 60519x10-3 
A12= 0.27835x10-3 

[00 9 1 ] [mi 2m(r\2)omhmi^xm] 

k = 1.0000 
A4= 0. 23388 xlO-> 
A6= 0. 12923x10-' 
A8=-0. 90422x10-2 
A10= 0.48878x10-2 
A12=-0. 39886x10-3 

[0 0 9 2] [m4^{r4)(j^^j^^W(/mftM] 



y=0. OOymax 
y=0. lOymax 
y=0. 20ymax 
y=0. 30ymax 
y=0. 40ymax 
y=0. 50ymax 
y=0. 60ymax 
y=0. 70ymax 
y=0. 80yinax 
y=0. 90ymax 
y=l. OOymax 

[00 9 3] 
y=0. OOymax 
y=0. lOymax 
y=0. 20ymax 
y=0. 30ymax 
y=0. 40ymax 
y=0. 50ymax 
y=0. 60ymax 
y=0. 70ymax 
y=0. 80ymax 
y=0. 90ymax 
y=l. OOymax 

[0 0 9 4] 
y=0. OOymax 
y=0. lOymax 
y=0. 20ymax 



(|x|-|xO|)/(CO-(N'-N) ■f21= 0.00000 
1 1 X I - 1 xO 1 1 / (CO • (N* -N) • f 2) =-0. 00004 
1 1 X I - 1 xO I) / [CO * (N* -N) - 21 =-0. 00065 
( I X I - 1 xO 1 1 / {CO • (N* -N) • f 2) =-0. 00302 
1 1 X I - 1 xO 1 1 / ICO • (N* -N) • f 2) =-0. 00850 
1 1 X I - 1 xO 11 / (CO • (N' -N) • f 2) =-0. 01 805 
( I x h I xO 1 1 / (CO ■ (N' -N) • f 21 =-0. 03222 
( I X I - 1 xO 1 1 / (CO • (N' -N) • f 21 =-0. 05 1 94 
( I X I- 1 xO I } / ICO • (N' -N) • f 21 =-0. 07987 

• (|xh|xO|l/(CO-(N'-N)-f2]=-0. 12147 

• [|x|-|x0|l/{C0-(N'-N)-f2l=-0. 18339 
[m 5 m (r5) c/:>^f4=^(4) o:>Mft\m 

(|xh|xO|J/(CO-(N'-N)-f2}= 0.00000 

• (|x|-|x0|l/{C0-(N'-N) •f2}=-0. 00000 

• ( I X I - 1 xO 1 1 / (CO • (N' -N) • f 21 =-0. 00004 

• ( I X I - 1 xO II / (CO • (N' -N) • f 21 =-0. 00023 

• ( I X h I xO I ) / (CO ' (N' -N) • f 2] =-0. 0008 1 

• { I X I - 1 xO I } / (CO • (N' -N) • f 21 =-0. 00225 

• ( I X I - 1 xO 1 1 / (CO • (N* -N) • f 2] =-0. 00534 

• (lx|-|xO|l/(CO-(N'-N) •f2l=-0. 01129 
■ (|x|-|xO|l/(CO-(N'-N) •f2]=-0. 02170 

• ( I X I - 1 xO 1 1 / (CO • (N' -N) • f 21 =-0. 03845 

• [ I X I - 1 xO 1 1 / (CO • (N" -N) ■ f 21 =-0. 06450 
im 9 lj(r9) (;)^f4^xt(5) on^fftM] 

' l|x|-|x0|l/(C0-(N'-N)-f3l= 0.00000 

• (I X I - 1 xO II / (CO ■ (N -N) • f 3) =-0. 00000 
- (I X I - 1 xO 1 1 / (CO • (N* -N) • f 31 =-0. 00006 
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y=0. 30ymax • 


• (lx 




|xO| 


l/(CO- 


(N' -N) 


•f3] 


=-0 000^7 


y=0. 40ymax • 


- (lx 




|xO| 


l/(CO- 


(N' -N) 

Ml 11/ 


-f31 




y=0. 50ymax * 


■ fix 




|xO| 


l/[CO- 


(N'-N) 


•f3J 


=-0. 00195 


y=0. 60ymax - 


• (lx 




|xO| 


'/(CO- 


(N' -N) 


•f31 


=-0. 00416 


y=0. 70ymax • 


(lx 




|xO| 


/ (CO • 


(N' -N) 


-f31 


=-0. 00841 


y=0. 80ymax ■ 


- (lx 




|xO| 


1 /fCO- 


(N* -N) 


•f31 


=-0.01642 


y=0. 90ymax - 


• [lx 




|xO| 


l/fCO- 


(N* -N) 


•f3I 


=-0. 03165 


y=1 . OOymax • 


(|x 




|xO| 


/[CO- 


(N' -N) 


•f31 


=-0. 06258 


[0 0 9 5] 


1 


1 


® (r 


11)C^)5 




10 y=0. OOymax • 


•• [|x 




|xO| 


/{CO- 


(N' -N) 


•f3) 


=-0. 00000 


y=0. lOymax ♦ 


(|x 




Ix0| 


/(CO- 


(N* -N) 


■f31 


- 0. 00000 


y=0. 20ymax • 


(lx 




|xO| 


/{CO- 


(N* -N) 


•f3) 


= 0. 00004 


y=0. 30ymax • 


•• (lx 




|xO| 


/{CO- 


(N'-N) 


•f31 


= 0. 00022 


v=0 40vmax • 


fix 




xO| 


f /fCO- 


(N* -N) 


•f31 


= 0. 00069 


y=0. 50ymax 


(lx 




|xO| 


/(CO- 


(N" -N) 


-f31 


= 0.00172 


y=0. 60ymax - 


- (lx 




IxOl 


/{CO- 


(N* -N) 


-f3) 


= 0. 00364 


y=0. 70ymax • 


• (lx 




IxOl 


/{CO- 


(N* -N) 


•f3) 


= 0. 00689 


y=0. 80ymax • 


[|x 




IxOj] 


/{CO- 


(N* -N) 


•f31 


= 0.01201 


y=0. 90ymax • 


(lx 




Ix0|] 


/(CO- 


(N' -N) 


f3| 


= 0.01984 


20 y=1. OOymax • 


(lx 




ixOll 


/{CO- 


(N' -N) 


■f31 


= 0.03196 



30 



40 



[0 0 9 6] [^1 



y=0. OOymax •• 


■ (lx 


-IxOl 


)/{C0- 


(N' 


-N) 


•f3J=- 


-0. 00000 


y=0. lOymax -- 


• (Ix| 


-|xO| 


1/{C0- 


(N- 


-N) 


•f3)=- 


-0. 00009 


y=0. 20ymax ■• 


■ (lx 


-|xO| 


1/{C0- 


(N' 


-N) 


-f3) = 


-0. 00144 


y=0. 30ymax ■ 


• {|x 


-Ix0| 


1/(C0- 


(N' 


-N) 


-f31=- 


-0. 00755 


y=0. 40ymax - 


■ (lx 


-IxOl 


1/(C0- 


(N' 


-N) 


-f3J=- 


-0. 02480 


y=0. SOymax • • 


• (lx 


-IxOl 


)/{C0- 


(N- 


-N) 


•f3}=- 


-0.06314 


y=G. eOymax •• 


• (Ixl 


-jxOl 


1/{C0- 


(N- 


-N) 


-f3)=- 


-0. 13663 


y=0. 70ymax • 


• (1x1 


-|xO| 


1/{C0- 


(W 


-N) 


-f3)=- 


-0. 26441 


y=0. SOymax -• 
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